Dielectric relaxation and conductivity of Ni 0.3 Zn 0.7 Fe 2 O 4 (NZF) were studied in the frequency range between 0.01 Hz to 3 MHz and temperature range within 313 K to 473 K. The sample was prepared by mixing Zinc Oxide, Nickel Oxide and Iron Oxide and sintered at 1573 K for 10 hours long. Dielectric properties were studied using Novo Control Dielectric Spectrometer. Dielectric relaxation and conductivity phenomena were discussed using an empirical model to key out the dielectric relaxation process. Analyze peak frequency relaxation process consist of four slopes to explain the dielectric relaxation process. The conductivity of the sample indicates an activated process and activation energy of dc conductivity is 0.44 ± 0.01 eV.
Introduction
A dielectric material is an insulator material, which can be polarized when external electrical field were used to it. An important property of a dielectric material is its ability to support an electrostatic field while dissipating minimal energy in the form of heat. The lower the dielectric loss (the proportion of energy lost as heat), the more effective is a dielectric material. Metal oxides, in general, have high dielectric constants. The prime asset of high-dielectric-constant substances, such as aluminum oxide, is the fact that they make manufacturing of high-value capacitors with small physical volume possible. But these materials are generally not able to withstand electrostatic fields as intense as low-dielectric-constant substances such as air. Ferrite materials are chosen in this work as a dielectric material. Ferrites are better dielectric materials having a low conductivity and have wide applications in the field of microwave devices [1] . The performance of these materials in their bulk form where the grain dimensions are in micrometer scales is limited to a few megahertz frequencies due to their higher electrical conductivity and domain wall resonance [2, 3] . However, the recent technological advances in electronics industry demand even more compact cores to work at higher frequency [4] . Ferrites are a soft magnetic material which makes them suitable for many technological applications like microwave device, transformers, electric generators, storage devices [5] . In this work, the dielectric properties and mechanism of the conductivity of ferrite materials were discussed.
Theory
Dielectric properties can be characterized by dielectric permittivity and loss factor [6] . Dielectric materials have high resistance or low conductivity value. When dielectric material is placed in between two parallel plates, the total charge between parallel plates increases [7] . This phenomenon occurs due to dielectric polarization and can be written as [8] 
where P, ε o , ε r , ε and E each refer to the polarization, permittivity of free space, relative permittivity, permittivity and electric field respectively. Dielectric permittivity can be obtained by measuring complex capacitance and can be written as
where ' r ε and '
' r ε are the real dielectric relative permittivity and relative loss factor meanwhile A and d refer to the surface area and thickness of the sample.
Joncher [8] introduced universal capacitor to solve non ideal cases. However, using the model capacitor introduced by Havriliak and Negami [9] , and combining with real capacitor and conductance many problems can be solved instead of using universal capacitor. By fitting in between experimental result and calculated using equivalent circuit ( Fig. 1 ) which permittivity complex provided by following relationship ε*(ω) = ε -jG/ω + ε* HN1 + ε* HN2
where ε, G and ε* HN refer to real permittivity, conductance and permittivity complex introduced by Havriliak-Negami [9] .
The process is clearly temperature dependence in frequency spectrum range and support the analysis polarization process to determine the activation energy of each process [10] . Dependence of peak frequency of loss factor versus temperature is given by the Arrhenius relation [12] :
where f and o f are the frequency value when the magnitude value of real permittivity of related process is at maximum and the frequency value at T -1 = 0, E, k and T refer to activation energy, the Boltzmann constant and the temperature in Kelvin respectively.
The conductivity in the sample is defined using the equation below: where σ', σ'' and j refer to real and imaginary conductivity and complex numbers. The conductivity value in this case is provided when the variation of conductivity is constant at low frequency ( f = 0). The activation energy of the carrier in the samples at low frequency can be determined using equation below:
where σ and σ o are the conductivity value independent of low frequency and the conductivity value when T -1 = 0.
Experimental Details
Ferrites particles of Ni 0.3 Zn 0.7 Fe 2 O 4 were prepared by mixing powder, Nickel Oxide, Iron Oxide and Zinc Oxide. Factors that should be taken into consideration are impurity content, particle sizes distribution, chemical uniformity and material reaction. Nickel Oxide (10 -30nm size, 99% purity), Iron Oxide (20 -40nm size, 99% purity) and Zinc Oxide (15 -35 nm size, 99.5% purity) are used in this study. Particles oxide was weighed according to mole fraction with an accuracy of 0.1%. It was milled in a plastic bottle with alumina ball for 16 hours long. After the mixture was homogeneous, it was placed inside the rod shaped mould. Polyvinyl alcohol (PVA) was used as adhesive and zinc stearate as lubricant. The composites now can be shaped up perfectly with a pressure of 4 tone and time limit of three minutes. After that, the sample pallet disc with area, A and thickness, d were sintered in a furnace along 10 hours at temperature 1300 o C in the air. The surface morphology of the NZF was studied using FEI NOVA NanoSem 230 to reveal the microstructure of the sample product. XRD measurement is done for the sample by PAN analytical X'pert PRO diffractometer using Cu K α radiation operated at 45 kV and 40 mA sources. Data collection is done in the range 20 o to 80 o in 2θ. The samples were sintered at 1573K. The dielectric studies for the sample were carried out between the temperatures 313K to 473K in the frequency range 0.01 Hz to 3 MHz using a Novo Control dielectric spectrometer. The dielectric constant was measured using the relation, ε = Cd/ε o A, where C is the capacitance of the sample in Farad, d and A are the thickness and the flat surface area of the sample and ε o the permittivity of the free space (8.85 x 10 -12 F/m). Ac conductivity and dc conductivity were also discussed in this paper. 
Result and Discussion

Phase Formation and Surface Morphology
Dielectric Properties
Dielectric constant can be achieved from the link, which C, d, A and ε o is capacitance, thickness and area of the sample and permittivity of free space. This constant is produced while an occurrence of polarization in dielectrics during external field is applied. These phenomena explain the dielectric constant is dependent on external field frequency. When dielectric material is placed between two parallel plates and external electric field is applied, this material produces polarization (polarization space charge, bipolar polarization, ionic polarization and electronic polarization) in frequency range studied. The type of polarization which occurred in dielectric materials can be ensured when interaction between charges in dielectrics with external field frequency existed. When the frequency of external electric field increases, there are a certain entities charges responsible for the polarization that cannot follow the vibration of external electric field, so polarization experience delay.
Polarization mechanism in NZF can be explained by dielectric parameter like complex permittivity and loss factors [6] in the frequency range of 10 -2 Hz to 3 MHz. This parameters dispersion on frequency shows the existence of interaction between external electric fields with charges in this frequency range [Mohd Noor et al. 2001 ]. Apart from that it gives a rough picture of polarization types that corresponds with processes of charges delay that have occurred in the frequency range studied [17] . Fig. 4(a) shows the dielectric permittivity varies with frequency. At the low frequency distribution of variation is random due to negative capacitance [11] . Negative capacitance is associated with a rising current in step-function time domain response [11] or inductances are dominated in this range. This effect is possibly due to the nonlinear response of the ferrites at low frequencies [13] . After 1 hertz the dielectric constant decreases with increase in frequency. This can be explained on the basis that the solid is assumed to be composed of well conducting grains and separated by non conducting grain boundaries. When electrons reach such non conducting grain boundaries through hopping, the resistance of the grain boundary is high; hence the electrons pile up at the grain boundaries and produce polarization [1] . At the higher frequency range, the alternate charge Fe 2+ ↔Fe 3+ and Ni 2+ ↔Ni 3+ does not follow the external alternating field and will be producing a decreasing trend.
The Fig. 4(b) shows the variation of loss with frequency in temperature range. The appearance of a loss peak on the right can be explained as follows. The movement of an electron and vibration process of ions in grains happens simultaneously. Electrons move in grains from interstate in between ions Fe 2+ and ions Fe 3+ (n-type semiconductor) meanwhile in p-type semiconductors, ions Ni 2+ interstate between ion Ni 3+ [14, 16] . In n-type semiconductor, ion Fe 2+ as donor meanwhile ion Fe 3+ as acceptor (Fe 2+ ↔Fe 3+ + e -) and in p-type semiconductors, ion Ni 2+ as a donor meanwhile
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Ni 3+ as an acceptor(Ni 2+ ↔Ni 3+ + e -) [14] . Electrons move in material by the small range hopping [15] . This process goes on continuously and follow external frequency of electrical field. Figure 4 :(a) The variation of ε' versus frequency of each temperature in range (b) The variation of ε'' versus frequency of each temperature in range
The loss peak occurs when the applied field is in phase with the dielectric and condition ωτ = 1 is satisfied, where ω = 2πf, f being the frequency of the applied field and τ the relaxation time is related to jumping probability per unit time. Now an increase in the peak frequency (f max ) with increasing temperature indicates the hopping or jumping probability per unit time increases [8] .
The shifting of relaxation peak towards the higher frequency side is due to increase in temperature [8] . At the same process, the value of loss peak flat of each temperature shows the dielectric relaxation process [11] . By using the dielectric equivalent circuit, each polarization process can be determined. Fig. 5(a) shows an example data from calculated model fitting experimental data at temperature 333K. The variation of permittivity complex can be recognized by fitting using equivalent circuit model. There are 3 processes involved. First part below 100 Hz is due to the dominance of dc process, second part in between 100 Hz to 10 5 Hz and third part upper 10 5 Hz are due to polarization process and the transport moving in sample are due to percolation and small range hopping process. The sources of hopping process occur during interstate between Fe 2+ ↔Fe 3+ and Ni 2+ ↔Ni 3+ . Activation carrier below 100 Hz can be discussed using the conductivity process below. The activation energy of this process is determined using Eq. 4. From Fig. 5(b) , the first part, second part, third part and fourth part are due to the small range hopping process. The activation energy of part 1, part 2 and part 4 are 0.23 ± 0.02 eV, 0.50 ± 0.01 eV and 0.68 ± 0.01 eV respectively.
Equivalent Circuit Model
Conductivity Mechanism in NZF
An additive material is a combination of two or more oxide materials and forms one new material with the new structure that the properties may improve original material. Apart from that, this additive is also changing the conduction of the materials. Direct current conductivity achieved from real conductivity dispersion does not depend on frequency. Experiment result of real conductivity dispersion varies with frequency can be seen in Fig. 6(a) . Fig. 6(a) , each temperature shows the variation of ac conductivity and can be explained by conduction phenomena in semiconductor. At low frequency of each temperature, the carriers hop on the conduction band by ionization mechanism whereby an electron can absorb sufficient energy to break away from atomic structure and join the free carriers in the conduction band [13] . When temperature increases, the electron can absorb more energy and electron in the valence band can hop on conduction band. In this case the distribution of carriers moving in the sample increased, so the conduction in the sample also increased. These phenomena can only be found in semiconductor materials.
The value of DC conductivity of each temperature can be obtained by analyzing AC conductivity that does not response with frequency. The DC value received from analyses increases when the temperature increases. This phenomenon can explain that the sample is an activated process. By using Eq. 6, the graph ln σ versus 1000/T can be plotted, in which the activation energy of the dc conductivity can be determined using the gradient of the graph in Fig. 6(b) that is equal to 0.44 ± 0.01 eV. The carriers in the sample move by percolation because the graph in Fig. 6 (b) has only one gradient and another plot using power law (1/T 1/4 ) also shows the graph have one gradient in the temperature range studied.
Conclusion
Dielectric properties of NZF from temperature 313 K to 473 K in the frequency range 0.01 Hz to 3 MHz were explained with the support of the equivalent circuit, and each polarization in both ranges is recognized. At low frequency, carriers move in the grains and grain boundary by hopping, meanwhile from 100 Hz to 10 5 Hz, the polarization happens by dipole and activation energy of this process were determined, there are 0.23 ± 0.02 eV, 0.50 ± 0.01 eV and 0.68 ± 0.01 eV and all carriers are moving in each part by the small range hopping. The dc conductivity was measured (a) (b)
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